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ABSTRAMT

A\tm;ospheric radia rice measurements and model calculations iii the 200-290 rim
yoeIc iithi region are fou~nd to he in good agreemecnt. Trhe calclaktions are madeLI uisintiL the

recently reeielLOWI'RN 7 transmission and radiance COdeC. '['he measurements were
made In 1978 from the S3-4 satellite. The model is in excellent agreement In rega.rd to
rad iA clevel and to spectral variability in this region for the daytime, iiiid-Lit it ude
measuremen s. Under twilight conditions, the lack of airglow and fluorescence emission1
sourI-cS 111 the0 COdeC lead to differences. Additions to the m1odel to provide better
0g~reeme 11nt airc tinder conside ration, bUt at the present time, the code Can he used fOr at
wide ranrge ()( atmio sphi c problenms.

-1. INTROD-UCTI-ON

The deve 'lopnic nt of' a pplica t ions for the ultraviolet has been ham pe red by t he lack
(it SU flit-CII il atntion to tra nsmission a rid radiance models. We repoLrt lhere an Initial,
partial answer to this need using the LOWTrRAN 7 transmission and radiance modlC. Tlhis
code was originally developed for the Infrared, has been recently revised with at significant
aiLltion oft coverage to at short wavelength limit of 200 nrn. An initial re port onl
LOWTRAN 7 is availablie.'

We will demon0istrate that the model radiance values agree well with previously
existing satellite radiance data for situations where solar scatter dominates the earth'Is
aIti11oSJ)he-rIc radiance as seen from space.

2. LOWTVRAN 7 IN T1IF ULTRAVIOLET

Amiong other improvements to the LOWT7RAN transmittance and radiance code,
the wavelength region covered has been extended to 200 nrn. In order to do this, the
atmospheric absorption by ozone has to taken into account using appropriate pressure and
temiperature1- deLpendence. lIn addition, the absorption of molecular oxygen in the I lerzberg



(eont1Iiiuurn arid III theL 0-0 iId I-0l bNdLs of' thle SCIlruI~rIn11-1N'urig1 e SySicril IhAVe t0 be
rIICd(dd. Fl.'1V, tile d: Itt im radiance is dominated by 1Z iyle igl scattier ing. anad so tile

CI0 iss-SeCt ()Ins 1br seat terngL have to be uiCI Laded~.

SiIIL IICe merd inec IS SO tied to the Sola r flux, due to thle Rayleigh se; it tenrig, it is
iIIII)MErt1ii10 Ii Se de'taI1ld ind ICCurateI SOlar_ tiuX -VaLLuS. F-or tis p)urpose, solar irradlianee
vIllies (Yr vei po v11i ii by 1'roml SpacUL1 bali cSU renlenri i t 0.1 F nin resolul n I , Ive bee itl

ii 'cl. TIRS ese lti lcd nICas i treme nltS a 11OW thle st rLIttare of' the Eratinhife r lintes oil the sola r
hiii. to) IC seenl.

IL is a gii nral IConclusion of solar research that thle flux In (ill s part of' tile tilt raviolt
(dies iot vairy with tlie solar cycle. Therefore solar aCtivity does not need to be considered.
FL r .hoit lt W; ive cngthIs, throuaglh thle ["II- and extreme UV, file flux does va.,ry withl sola r
aIct vi t ;II( IIr ridiiiis CI uIisior does5 not aipply.

While thre L OWF1RAN 7 code handles solar scatter very well, as we demlonstrate
Ill tiris pi per, it du(,es requLire f*Urther deCvlopmen11Ct to hanlldle sit uatiorrS wVIre re there is
at r-gh w or 1f]l)L se ice. Th'bese sit uations occur at niight anrd for han bh obse rvat iots that do
mu t nilrdCd thle .;eat e rinrg regions in thle line-of-sight. It is planmned to burild on thle presen rt

Mo( delI to WL d ; iirglow aind fluiorescenrce conr ibut ions inl thle f*ututre. Frli addition, tilie
cx tc tr.sioir ofl illoCe IS with ile cap1; Ibihity of LOWTRAN to at least 100 rim is needed.

3. SATITITIFF~ RAD)IANCE MB-ASLJIZMF-,NTS

Tlre 10IC modl ni;iSuriientllS Cant be comipared with the reslts of' thle experiment VU V
Krckgrorirds oil the S3-1l sate'llte. Thbese nicasureanenrts, which were publishecd inl 1980',
LuSed dna d IA 'F riI 'stie Ol"Crie-qarte r meter Spectrometers to obtain tile atmosphri c radice
Inl the' 1 1-29(0 rim region. The satellite was in a polar orbit at about 200) kml altitudeI 1rid
all1 rniISu re vie iris wereC iii the naidir (cartir-eatci) direction.

Tlhe meac~suirements were acquired In the April-Septembher 1978 time period. Spectral
bmi idwidi his of' 1, 5, ari1d 25 Anigstroms were used. The dualM Spectrometer Used
Ipiotirtiiltilplitr tuihes fo(r detectors. A tube with a cesium iodide photocathode wals Used
1Io On ILe 'VLU \' r-;ir age frorii about 110 to 180 111ii. Thie dil. taused For t his coin arisOni wals
obUiiiicd witl I11th 'UJV' range, from about 100 to 2901 ta. Tlhe liho(toni Lilt I liir had a
CesILJiI 1ii ellLiC )ile lrn Ca btode. The spectrum over tilie conrbiaICd range Of tile dui
sjicct non t er waIs sea arned ill abhout 22 seconds, during which tiict the satellite had moved

biout 170 k ill. IFor seat tering anrd ai rghow in tie niid-la1tituadeC a mid high Sun COndit IoIlS, no0

geophysical Spatial structure would be expected.

Th-le experiment, included a sensitive photometer with a filter wheel. With this
instrumnt, daita at fotur wavelength hands centered at 1216, 1340, 1550, and 1750
Angstromis wvere obtained.

The sensors were calibirated on the ground against standard detectors [roan the NBS



(noL w cailled N lS'l). The spectromreters appeared t) 11old their calibr-ation over tile six
iont hs ofI th e H ighit. H oweve r, somle degradmition was not iced for thle photomnete r. The

satellite was in a( sun-synchronous Orbit WillIi tihe day crossing of' the equator at abIout 1030
h1oU rs.

4. COMPARISON OF CODF ANT) MlU-ASUJRFN4NTS

Fi' tircs 1, 2, 3, and 4 compare results or' thle model with, the mea.,surc e eits. The
solar Zenithl MI'1 s 24, 70, 90, and 94 degrees for thle fi'gures. The Solid cLuVS are the
Modliel a id tilie d;ISlre-d lines are the mle!surements.

NO iteI ui tile mea~isure nis andl the model are in close acre#me ft h ir ithii thle
structni-c Ill tile en iI. a1r1d for the absolute vlue. As thle solar zen id rh1angle increcases, thle
intenisity (it' the raol Ia ncC drops from th mnIsa ids to tells Of Rayle i1!lis per Animr roni.

For lie S/A of* 94 degrees, thle breakdown of' the current modl1 Ca11 Nh. weLn. There
iV a1 seies of' peaks iii the measurements above the mecan background level. :11 tis

twi l it situation, thIe solatr scatter is becomniirg very weak. At thre sa rue time, thle
1lII inrec neI' i tnminsp licric nitric oxide exci ted by solar railiat ion collie" to dom)inallte the
cniSSrorn. lir la- c saealdiet h NO gaima bands, whnichliare wrll known bothI
In . i J1rl ilinor anO01 1d freOnl SPaIce obser-vations.

At igtht, there is weaik NO and molecular oxyg~en emission f'romn chemically
I rIiL:cd a irglow. Tlhese excitation sources ire not inl tile current code. Both theCse sources
and I Hrioi eSceice must be: added to have a representative ilid-laItit ude m1oiel.

5. CONCLUISIONS

Thli excellent agrcenlent (if tline solar scatter code and m1C;Isurenients also prompts
uIS to useC tre i'ode1 tol teiflie U V radiance to the 290-400) rim region for which we do
no t haive deieil nmeasuremnits. riiis extension ,0WIr inl Fig. 5. WVith thre use of these
Ci'u rvCS, [11fli l t uas Of thre U V to remirote sensing -. be evalae.1CI

The ;rva Iila ility (of the( LOWTrRAN 7 Modlel has lead to a revision of' tile previously
p Il sI tIS l tilt r; ivit loet raiil ce cuirye f'or rn idfaltitideIL, nadir-viewing, OVi'rlIeail sunil

CI I it 1 n is . l'lC cue rve orilginafly l)Lit in the I harhfbook dfid riot includeI tile structure
ohi';e vVed III tlie 200-290 mil region. '[his structure has nlow been a.ilded and the currenit
.VL''IOi ()f theL rive IS shIown Ill ['ig. 6.

6. ACKNOWI FDGF.MTN1TS

'I 11.1a1iiihoS wish to thank G.P. Anderson arid FX Kneizys, G L/Ol, for discuLssions
concerning this paper and especially f'or permission to uise tI e LONVTRAN 7 code in
advatnec (Of Its rge ieral release.



7. 1Z I-- FFI FIS

1. Kneizys, F.X, FT.J) Shettie, L.W. AhrCLI, J.1 I. Chetwynd, G.P. Anderson, W.O.
GnU1Lry, J.E.A. Selby, and S.A. Clough, "Users Guide to LOWMRAN 7", A1'GL-TR-88-
0177 , Air F orce Geophysics Laboratory, 1988.

2. I-Itfnlian r, R. I ., I KJ. LeBianc, J .C. Larrabee, anrd D.F. Ia ulsen, ''Satellite Vacuum

u Ir:Li( ti irg;1(w 11(1 auirora I observations", J. G eophiysical Res. 5, 2201-221I5, 1980.
3. 1 11,1 ;IN, 13., Chiapte r 22, "Atmospheric Em ission anid Albsorpt ion o[ Ultraviolet

R;Idiation'', I kincibook 0' (hL'01phyViCS and tire Space Fnvironimerrt, A. Jursa, Lditor, Air
Force Geophyvsics irboraitorv, 1 985.

1 PS,

4E4

4E3

1 E3

400

P-0 0 0 P200 2400 2600 2800 1230 00
Figure 1. Coniparison of LOWMRAN 7 model (solid curve) and S3-4 satellite data

(dIrSIId Curve) for UV radiance. Solar zenith angle (SZA) is 24 degrees. Horizontal scale
is wavelength in Angstromns. Vertical scaie is radiance in Rayleigh/Angstromn. Applies also
to Figs. 2, 3, and 4.
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i:g'urC 2 SiiL . is Fig. I, except SZA = 70 degrces.
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Fiigure 3. Same as Fig. I cxcept SZA = 90 degr es.
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]:igurc .1. Sallic as Fig. I except SZA = 94 degrees.
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Figure 5. LOWTRAN 7 radiance values. Nadir view, SZA=O deg., 5 Angstrom resol.
AIlbedlo = 0.2, multiple scattering.
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